Ternary Pb-Zn-Ag system is typical for some physicochemical processes going on in refining phase in the extractive metallurgy of lead. Therefore, investigation of mentioned system is important from both theoretical and practical research of the phenomena occurring during the lead desilverizing process. The results of experimental investigation using differential thermal analysis (DTA) and thermodynamic calculation of phase equilibria in Pb-Zn-Ag system according to CALPHAD method, in the sections with Zn:Ag mass ratio equal to 90:10, 70:30 and 50:50, are presented in this paper. 
Introduction
One of the most important phases in lead refining process is the phase of desilverizing. Although presents a technique with a long history, dating to ancient times [1], the beginning of modern desilverizing process in extractive metallurgy of lead is connected to 1842 when Karsten found out how to separate silver from lead by zinc addition [2] . Ten years later, Parkes used that fact and improved well known technology based on metal zinc addition to the lead melt, while silver foam stands on the surface due to the limited solubility of zinc in the lead (about 0.6% to 673K) and the selective reaction between zinc and silver. From the moment of invention, Parkes procedure for lead desilverizing underwent relatively few changes and, up to now, retained primacy in lead refining process just with certain modifications.
Lead desilverizing process binds to ternary system Pb-Zn-Ag, which was the reason for numerous investigations, both from thermodynamic point of view and in terms of testing and determining the phase diagram, bearing in mind the theoretical, and practical importance of knowledge processes the above system going.
Thermodynamics of Pb-Zn-Ag system was investigated by numerous scientists [3] [4] [5] [6] [7] , but phase diagram of this system is not fully explored, although there are some references in this field [2, [8] [9] [10] [11] . Therefore, a contribution to better understanding of PbZn-Ag system important in lead metallurgy is presented in this paper including prediction of phase equilibria and thermal analysis.
experimental
For the experimental research in this paper, samples were prepared from three vertical sections from lead corner with mass ratio of the two other components equal to Zn: Ag = 90:10 (section A); 70:30 (section C) and 50:50 (section E). Data on the composition of the investigated alloys are given in Table 1 .
All samples were prepared from Pb, Zn and Ag of 99.99 % purity. The samples, having masses approximately 5 g, were prepared by induction melting under argon atmosphere. The alloys were melted and cooled repeatedly to improve homogeneity.
The DTA measurements were carried out with the Derivatograph (MOM Budapest) apparatus under following conditions: argon atmosphere, sample masses about 2 g, heating rate 10 K/min and alumina as the reference material. The phase transition temperatures were taken from the peak maximum. The accuracy of the given temperatures is ±2 K for DTA results.
Thermodynamic models
The pure solid elements in their stable form at 298. 15 Pb-Zn, Zn-Ag and Ag-Pb, originally given in Refs. [13] [14] [15] were taken from the COST 531 Thermodynamic Database for Lead Free Solders [16] . The phases from these constitutive binaries considered for thermodynamic binary-based prediction, their crystal structures and thermodynamic descriptions are listed in Table 2 , while optimized thermodynamic parameters used for calculation are shown in Table 3 .
Theoretical fundamentals
For calculation of the Pb-Zn-Ag system phase diagram presented in this paper, CALPHAD method [17] [18] [19] was applied, using the optimized thermodynamic parameters of constituent binary systems. Basic mathematical method used for calculation of phase equilibrium is limited by Gibbs energy minimization for a given temperature, pressure and overall composition. This approach is common to all currently available software packages for modeling thermodynamic properties and phase diagram of multi-component systems. Molar Gibbs energy of the phase can be viewed as the sum of different contributions as follows:
where the sum of known molar Gibbs energies of i constituents of the system (elements, types, compounds, etc.) of the phase , is relative to the chosen reference state (usually state a stable element reference)
... (2) and where temperature dependance is given as:
Also, the contribution of the Gibbs energy of random mixing of "n" crystal lattive constituents, , should be taken into consideration:
... (4) The presents Gibbs excess energy, which describes the influence of mixing on thermodynamic characteristics of the solution under non-ideal conditions [18] :
... (5) where the first term in Eq.(5) is usually presented using Redlich-Kister-Muggianu Table 3 . Optimized thermodynamic parameters [16] for constitutive binaries used in this study For the construction of phase diagrams, thermodynamic software package PANDAT [22] was used.
results and discussion
Three vertical sections from lead corner in the Pb-Zn-Ag ternary system were experimentally investigated by differential thermal analysis. The analysis of DTA measurements was performed on curves obtained during the heating of samples. The results are shown in Table 4 .
The experimental transformation temperatures were compared with CALPHAD-type calculations results based on binary thermodynamic parameter values from COST531 database [16] . Mutual comparison between experimental DTA results and calculated vertical sections is presented in Fig. 1 . (FCC_A1, HCP_ZN) . Good agreement between DTA results from this work and phase diagrams calculated using PANDAT thermodynamic software can be also noticed in Fig.1 .
The calculation of Pb-Zn-Ag system liquidus projection and its phase diagram at 298K was also done and presented in Fig.2. 
conclusions
Phase transition temperatures in the ternary system Pb-Zn-Ag were investigated experimentally by DTA. Three characteristic 
vertical sections with mass ratios Zn:Ag = 90:10, 70:30 and 50:50 were calculated using optimized thermodynamic parameters for the constitutive binary systems from the literature and compared with thermal analysis results. Thermodynamic calculation results indicate the existence of the miscibility gap in the liquid phase, which is in the agreement with available literature [8] [9] [10] [11] . Also, joint combination of CALPHAD method and PANDAT software in such investigations was confirmed as in [23, 24] . The results presented in this paper could be useful in further thermodynamic description of mentioned ternary system, which also has important technological role in lead desilverizing process. 
